We show evidence of a liquidity searching behaviour of informed investors in option listings, which was also found by Collin-Dufresne and Fos (2015) using stock markets. Nevertheless, and differently from Collin-Dufresne and Fos (2015), we find that the option bid-ask spread may be still a good proxy for informed trading, despite of the liquidity searching behaviour of informed agents. We show an upward trend in the option bid-ask spread after option introductions (as informed traders avoid trading in initial periods after listing dates due to the low liquidity environment), which is steeper for options with high chances of information asymmetries. 
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Introduction
A number of studies have suggested that the bid-ask spread should increase when there are more informed investors in the market (see, e.g., Glosten and Milgrom, 1985; and Kyle, 1985; and Easley and O'Hare, 1987) . Recently, however, Collin-Dufresne and Fos (2016) developed a theoretical model, where they suggest that the relationship between the bid-ask spread and informed trading is not as straightforward as previously thought. This is due to a strategic behaviour that is often adopted by informed agents. They argue that informed investors may wait to use their additional information until there is an environment characterised by low levels of illiquidity (i.e. high liquidity), and hence where there are more chances to find noise traders who will behave as the counterpart of the informed trading strategies. As we know the bid-ask spread not only has an adverse selection component, but also an illiquidity component. 1 Therefore, informed investors may trade in the market when the value of the illiquidity component of the bid-ask spread is low, which can make the bid-ask spread not a good proxy for informed trading. This is consistent with the empirical evidence presented in the Collin-Dufresne and Fos (2015) study, which shows that informed investors trade more when there is increased liquidity in the stock market.
Differently to Collin-Dufresne and Fos (2015) , who analyse the relationship between bidask spread and informed trading using stock market data, we want to examine such relationships in the option market. This analysis is interesting, as informed investors should use the option market, since it provides a cheaper way in which additional information may be translated into profits (e.g., see Easley et al., 1998; Lee and Yi, 2001 ). The high leverage that characterises option markets, and thus the low capital requirements, is particularly attractive to better informed investors who can use here their superior information rather than directly using the underlying asset market.
In particular, we analyse the relationship between the bid-ask spread and informed trading in newly listed equity options. Informed investors may be eager for the stocks on which they have access to superior information to be optioned. However, informed investors may not use their informational advantages through option trading immediately after the listing date. This is because on the first days after option listings there is a low option liquidity (e.g. a low option trading volume). Thus, informed investors may wait until there are higher levels of liquidity where there are more noise traders in the option market, who are part of the option trading activity.
2 Consequently, informed investors should follow a liquidity searching behaviour to exploit their information advantages, as suggested Fos (2015, 2016) .
The question that we want to answer in our study is, given that informed investors may still have a liquidity searching behaviour after option listings, does the bid-ask spread decrease in new options with more chances of having investors with additional information? In other words, we want to analyse whether the results obtained by Collin-Dufresne and Fos (2015) in the stock market are still valid in option markets, in terms that the bid-ask spread is not a good proxy for informed trading.
In the study from Collin-Dufresne and Fos (2015) Differently to Collin-Dufresne and Fos (2015) , we use as a proxy for the level of asymmetric information, the number of analysts following the company that issued the underlying stock involved in an option listing. The use of the number of analysts is based on the premise that it is easy to detect informed strategies in trades when many trained and specialised people are looking at and analysing the market activity; this circumstance should decrease informational asymmetries.
For instance, Easley et al. (1998a) Bernales, 2017) .
In line with the traditional literature of informed trading, and contrary to Collin-Dufresne and Fos (2015), we find evidence that the bid-ask spread is still a good proxy for informed trading in the new introduced equity options. We show that in the first year after option listings, the option bid-ask spread is larger for option with higher chances of having informed trading. Our results are robust after including year fixed effects, using all option contracts and a subset of at-the-money one-month-to-maturity option contracts, and controlling for option liquidity, stock liquidity and option price levels.
We also find that, in the initial months immediately following an option listing, the option relative bid-ask spread is lower than in future periods. Such a low starting value for the relative bidask spread, followed by an upward trend, is somewhat surprising because the early 'life' of an option should be marked by a relatively low liquidity, so that comparatively high and not low bidask spreads should be expected (due to the illiquidity component of the bid-ask spread). The low initial values observed for the option relative bid-ask spread, just after option listing, can be explained by a modest level of early participation by informed investors in the new option market (from the adverse selection component of the bid-ask spread). It is the low volumes in the market of newly listed options that discourages informed traders, and hence may cause relatively low bidask spreads immediately after the option listing. This is sensible because the early stages after option listings are characterised by a reduced trading volume in which: i) there are not many noise traders in the option market to be the counterpart in informed trades; and ii) even small transactions are important, and thus the use of additional information in trades from informed investors may be discovered by other agents (which implies that informational advantages disappear before being fully exploited). Therefore, informed investors have incentives to wait until there are higher levels of liquidity in the option market.
We also show that the upward trend in the option relative bid-ask spreads is more pronounced for option listings characterised by high chances of having asymmetric information. In summary, on the one hand, our results are consistent with the liquidity searching behaviour of informed investors suggested by Fos (2015, 2016) . However, on the other hand (and differently from Collin-Dufresne and Fos, 2015, 2016), we find evidence that the bid-ask spread is still a good proxy for informed trading, in spite of the strategic behaviour of informed investors in terms of liquidity searching.
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We consider three possible explanations for the difference of our results compared with the findings in Collin-Dufresne and Fos (2015) . First, as we mentioned previously, the bid-ask spread has an illiquidity component and an adverse selection component. Thus, it may be the case that the adverse selection component is more important (relative to the illiquidity component) in option markets than in stock markets. This is sensible since the non-linear features of options (i.e. which are reflected in the high leverage that characterises option contracts) can induce larger damage to counterparts of informed investors in options than would occur in stocks. Secondly, given the intrinsic features of option contracts, which have a time-to-maturity, there are time limits to profit from informational advantages. Thus, the optimal time for informed investors to step in (to exploit their additional information) is constrained, which may be the reason that the option bid-ask spread can still reveal the presence of informed trading. Third, we use a different proxy for asymmetric information. Collin-Dufresne and Fos (2015) use Schedule 13D filings which capture informed trading coming from agents with 'private' information'. Instead, our proxy for asymmetric information is not only a proxy for investors with 'private' information, but also it is a proxy for the long-term average behaviour of 'sophisticated' investors with more developed tools and skills to analyse and capture information from public data.
In terms of the literature review, the analysis of informed trading in option markets has been investigated in a number of theoretical and empirical studies. For instance, in the group of theoretical studies, researchers have analysed the effect of option introductions on the underlying asset price process (Back, 1992) , the effect of options on information acquisition (Cao, 1999; Massa, 2002) , and the impact of asymmetric information on option demand and option volume (Brennan and Cao, 1996; Vanden, 2008) . In the group of empirical studies, there are analyses in terms of information advantages and stealth trading (Anand and Chakravarty, 2007) , asymmetric information and the success of option introductions (Bernales, 2017) , the effect of informed trading on price discovery (Chakravarty et al., 2014) , and the analysis of adverse selection signals contained in the option trading activity (Easley et al., 1998; Lee and Yi, 2001; and Pan and Poteshman, 2006; Ordu and Schweizer, 2015, 2017). 3 This research letter is organized as follows. Section 2 describes the data, while Section 3 documents the relationship between relative bid-ask spreads and informed trading activity in option markets after new option listings. Section 4 concludes. 5
The data
We use data from option listings on the U.S. equity option market in the period 1996-2009.
We use the OptionMetrics database, which contains daily information, including volume and closing bid and ask prices for call and put option contracts. Since our objective is to observe the adoption process as a homogeneous picture, we fix the listing date as the 'date one' for all option listings (i.e., our empirical analysis is developed in event time where the event is the option listing). We apply some exclusionary criteria to filter the dataset. First, similar to Bernales and Guidolin (2014, 2015) , we delete observations that violate basic no-arbitrage bounds. Second, similar to Dumas et al.
(1998), Cao and Wei (2010) and Bernales and Guidolin (2014, 2015) , we drop all option contracts with maturities too short and too long. Thus, we delete option contracts with less than six trading days or with more than one year to expiration. Third, using the same arguments of Cao and Wei (2010) and Bernales and Guidolin (2014, 2015) , we eliminate options with a bid price below $0.125
to avoid the effect of price discreteness due to the tick size. Fourth, all options contracts with zero option volume and zero open interest during a month are deleted. 4 Fifth, similar to Bernales (2017), we delete equity options in which their underlying stock are affected in the first year after the option listing date by the following company events: splits, mergers, spin-offs, new equity issues in the same company, rights offering and/or warrant issues. In addition, we performed the analyses using all option contracts, and the sub-set of option contracts that are of at-the-money one-monthto-maturity (the latter to avoid potential pricing structure associated with option moneyness and time-to-maturity).
As mentioned in the introduction, we use as a proxy for the level of informed trading the number of analysts (obtained from the I/B/E/S database) making annual earnings forecasts for the firm that issued the underlying stock involved in an option listing. We calculate the annual average of the monthly number for the year before and the year after the listing date. Thus, the inverse of the average of the number of analysts ( InvAnlst ) is used as proxy of asymmetric information.
Consequently, after applying the filters mentioned above, a sample of 891 option listings with InvAnlst is obtained for our analysis. As a first step, we want to analyse whether the bid-ask spread is still a good proxy for informed trading in the new introduced equity options. Table 2 we present results for all option contracts, and the sub-group of option contracts that are of at-themoney one-month-to-maturity.
[Insert Table 2 here] Table 2 shows that in the first year after option listings, the relative option bid-ask spread significantly increases for option listings with high chances to have asymmetric information measured by InvAnlst1Y. For instance, the coefficient for the 1Y InvAnlst is 0.091 and significant at the 1% level in the regression using at-the-money one-month-to-maturity option contracts which controls for option liquidity by 
DVlm
. As a robustness check (see Table A1 in the supplementary 5 The data used to calculate stock volumes is obtained from the CRSP database.
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Appendix), we also use the total market capitalisation of the underlying asset (i.e. size) as a second proxy for the level of informed trading. The use of the market capitalisation of the underlying asset is due to the fact that large firms should have low levels of asymmetric information, since they are followed by more agents in the market (Bhushan, 1989) ; thus informed trading activity has more chances to be discovered. In addition, large firms are more mature and, therefore, they should have efficient tools to release information to market participants (Diamond and Verrecchia, 1991) . The results presented in Table A1 are consistent with Table 2 , in the sense that the relative option bidask spread is significantly larger for option listings with higher levels of informed trading (i.e. in option listings with lower market capitalization of the underlying stock).
We also find that OP BAre starts at low levels but displays a tendency to increase progressively. Figure 1 shows the evolution of the daily average of the relative bid-ask spread and the option dollar-volume in each month over the first year after listing. In Figure 1 , the low starting We conjecture that the initial low value of OP BAre can be explained by a modest level of informed option trading activity in the early stages after option listings, by using the same arguments as Fos (2015, 2016) , in terms of a liquidity search behaviour from informed investors. In the early stages after a listing, informed traders may strategically wait until there are higher levels of liquidity, in which more noise traders are part of the market (who will be the counterpart of the informed investors) and so it becomes easier to hide and exploit the informed trading strategies. Consequently, one may indeed see OP BAre start out low and progressively increase as volumes pick up.
To analyse this potential behaviour of agents, we perform a regression analysis in Table 3 with the growing rate of relative bid-ask spread  [Insert Table 3 here]
The intuition behind the analysis in Table 3 is that a high growth rate of the relative bid-ask spread, ∆Bare, should be observed in option listings with higher chances of having asymmetric information prior to option listings. This is because the relative bid-ask spread should increase more in option listings with higher asymmetric information, since many informed agents prefer to wait for future periods until there are more option liquidity. This is exactly what a rational market maker would anticipate, thus resulting in a further widening of the relative bid-ask spreads over time for option listings in which there are more informed agents in the market. Table 2, in Table 3 we control for market liquidity in the option market by using 
Similar to
OInt
, while we control liquidity in the underlying stock market by using ,1 SY DVlm . We also control for the level changes of option prices by using the ratio is the average of the implied volatility in the first (thirteenth) month after option introduction because, as explained before, there is a positive relationship between option prices and their implied volatilities. We also include year fixed effects, and we present results for all option contracts, and the sub-group of option contracts that are at-the-money one-month-tomaturity. Table 3 shows that option listings characterised by high levels of information asymmetries experience larger changes in the option relative bid-ask spread than the listings with less asymmetric information. For instance, the coefficient for the 0Y InvAnlst is 0.074 and significant at the 5% level in the regression using at-the-money one-month-to-maturity option contract and controlling for option liquidity by Consequently, on the one hand, the results presented in Figure 1 and Table 3 Table 2 and Table 3 shows evidence that the bid-ask spread is still a good proxy for informed trading, in spite of the liquidity searching behaviour of informed investors.
Conclusion
Our study examines the liquidity searching behaviour of informed agents in option markets, and how this behaviour potentially makes the bid-ask spread not a good proxy for informed trading. In this research letter, we show evidence of a liquidity searching behaviour of informed investors in new option listings, which was also found by Collin-Dufresne and Fos (2015) using the stock market. However, contrary to Collin-Dufresne and Fos (2015), we find that the bid-ask spread is still a good proxy for informed trading.
Informed traders slowly enter the newly created option market, because they need sufficient liquidity in order to exploit their informational advantages optimally (which is difficult to find in the initial periods after option listings). As a result, the option relative bid-ask spread is observed to be initially low and to increase progressively as the option market takes off. We show that the upward trend in the option relative bid-ask spread after option introductions is stronger for options written on stocks characterised resulting from higher chances of having asymmetric information. Finally, it is important to notice that our analysis is simple and intuitive. Nevertheless, our study opens the doors for future research endeavours in terms of the behaviour of informed agents in derivatives markets. Kyle, A., 1985 IV is the average of the implied volatility in the first year after option introduction. We calculate option variables using all option contracts and using only at-the-money one-month-to-maturity options contracts. We include in the regressions year fixed effects. ***, **, and * denote significance at 1%, 5%, and 10%, respectively (t-statistics are in parentheses). 
IV IV
is the average of the implied volatility in the first (thirteenth) month after option introduction. We calculate option variables using all option contracts and using only at-themoney one-month-to-maturity options contracts. We include in the regressions year fixed effects. ***, **, and * denote significance at 1%, 5%, and 10%, respectively (t-statistics are in parentheses). 
